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Basis of the report 



t 



, which is the language of a 
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With regard to the language, this report is based on: 
[x] The international application Ln the language in which it was filed 

I I A translation of the international application into 
— translation furnished for the purposes of: 

■ 

[ I international search (under Rules 12,3(a) and 23. 1 (b)) • 

I [ publication of the international application (under Rule 12.4(a)) 

I I international preliminary examination (Rules 55.2(a) and/or 55.3(a)) 
With regard to the elements of the international application, this report is based on (replacement sheets Yfhich have been 
jumished 'to the receiving Office in response to an invitation under Article 14 are referred to in this report as ongifially 
filed" and are not awiexed to this report): 
I I the international application as originally filed/furnished 

[X| the description: 

pages 1-13^15-17 as originally filed/furnished 

pages* 14 receivedbythis Authority on 17 June 2005 with the letter of 17 June 2005 
received by this Authority on with the lettei of 



3. 



4. 



|X| the claims: 



|X| the drawings: 



pages' 



pages 
pages' 
pages' 
pages' 



as originally filed/funushed 

as amended (together with any statement) under Article 19 
18-21 received by this Authority on 17 June 2005 with the letter of 17 June 2005 
received by this Authority on with the letter of 



pages 1/5 - 5/5 as originally filed/furnished 
pages* received by this Authority on with the letter of 
pages* received by this Authority on with the letter of 

j~| a sequence.Usting and/or any related table(s) - see Supplemental Box Relating to Sequence Listing. 

y [ The amendments liave resulted in the cancellation of: 

I I the description, pages 

[ I tiie claims, Nos. . . 

I I the drawings, sheets/figs 

I I the sequence listing (ipcci^^: 

I I any table(s) related to the sequence listing* (specify): 

n This report has been established as if (some of) the amendments aiuiexed to this report and listed below Mt been 
^ made; since they have been considered to go beyond the disclosure as filed, as mdicated m the Si^lemental Box (Rule 
70.2(c)). 

I [ the description, pages 

I I the claims, Nos. 

y I the drawings, shccts/figs 

I the sequence hsting (specify): 

[ I any table(s) related to die sequence listing (specif): 
If item 4 applies, some or all of those sheets may be marked "superseded. " 
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Industrial applicability (lA) 


Claims 


1-17 


YES 
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2. Citations and explanations (Rule 70.7) 

The following documents identified in the International Search Report have been considered as relevant for the 
purposes of this report: 

Dl: US 6 331 059 * 

D2: PRIMOT et al. Deconvolution from wave-front sensing: a new technique for compensating turbulence- 
degraded images. 

Novelty OSS)^ Inventive Step QS) 

Dl discloses an apparatus and method for compensating for the effect of aberrations in an optical system on an 
acquired image, and explicitly incorporates D2 as including the details of the calculations. The method of D2 
includes simultaneously acquiring two images - one of a beam of light that is directed through the system and 
measured on a Shack-Hartmann wavefront sensing module, and the other a retinal image taken by a high 
resolution CCD detector. These documents are therefore limited to the use of a Shack-Hartmann wavefront 
sensor, and neither document discloses or suggests solving the transport of intensity equations to obtain phase 
data relating to the wavefront. Claiiiis 1-17 therefore satisfy the criteria for novelty and it^ventive step. 
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the fundus Is captured on a charge coupled device 62 and 
the entirety of the data captured by the charge coupled 
device 62 is transfonned to remove the distortions or 
aberrations, the iix^rovement in resolution of the image is 
5 significant, thereby providing an image which is of 

sufficient resolution to show details of the cones and 
rods of the fundus so that diagnosis as well as scientific 
research relating to the fundus of the human eye can be 
performed without the need for any invasive technique. 

10 

Figures 7A to 7E are photographs which show an application 
of the preferred embodiment of the invention. 

Figure 7A is intended to represent a true depiction of 
15 fxmdus of a human eye. Figure 7B is an image which one 
would expect to obtain if the eye contains some 
aberrations caused by the lens and cornea as described 
above. As is apparent, the image in Figure 7B is very 
much blurred coxnpared to the depiction in Figure 7A. 

20 

Figure 7C shows phase data which has been created using 
the algorithm previously referred to when applied to 
images from the reflected point source. If the eye was in 
perfect condition and a point source emanated from the 

25 fundus of the eye, the phase image in Figure 7C would be a 
perfect circle. However, because of the distortions, the 
wavefront itself has been distorted and therefore the 
image is not perfect. Because it is known that if there 
is no distortions, a perfect circular image emanating from 

30 a point source at the fundus or, in other words, a planar 
wave, would be received. A transf oannation can be 
determined to transfer the phase image in Figure 7C to 
what phase image would be expected if there were no 
eiberrations or distortions. In the preferred embodiment 

35 of the invention, this is done by a point spread function 
which is shown in Figure 7D in which various pixels are 
provided with various intensities of light corresponding 
to the phase image of Figure 7C. 
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■ 

Claims 



1 . An appara1:us for compensation for aberrations or 

distortions of an optical system, coxoprising: 
5 means for directing a beam of light through the 

optical system; 

detector means for detecting the beam of light at 
at least two different focal planes after the beam of 
light has passed through the optical system; and 

10 processing means for receiving data relating to 

the light at the two different focal planes from the 
detector and for processing the data to produce phase data 
relating to the wavef ront of the beam of light emanating 
from the optical system by solving the transport of 

15 intensity equation to enable a transformation to be 
determined for transforming the data relating to the 
detected wavef ront to a predetermined reference, and for 
applying the transformation to an image which has passed 
through the optical system to remove aberrations or 

20 distortions introduced by the optical system. 

2 . The apparatus of claim 1 wherein the detector 

comprises a charge coupled device. 

25 3 . The apparatus of claim 1 wherein the apparatus 

includes a light source for shining a parallel beam of 
light through the optical system and a beam splitter for 
directing reflected light from an article travelling back 
through the optical system to the detector for* detection. 

30 

4 . The apparatus of claim 1 wherein the apparatus 

includes a lens for focusing light passing through the 
optical system so as to obtain an image of an article 
viewed through the optical system. 

35 

5 . The apparatus of claim 1 wherein the data to 

which the transformation is applied is Intensity data. 
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6. The apparatus of claim 5 wherein the application 
o£ the transformation comprises a deconvolution of the 
intensity data. 

5 

7 . The apparatus of claim 1 wherein the 
transformation is a propagation of the wave from one image 
location to another. 

10 8. A method for compensating for aberrations or 

distortions in an optical system, coxnprising the steps of: 

shining light through the opt±cal system; 

detecting the light at at least two different 
focal planes after the light has passed through the 
15 optical system; 

producing phase data relating to the wavefront of 
light detected by the detector at the two different focal 
planes by solving the transport of intensity equation; 

determining a transformation to transform the 
20 phase data in accordeuice with a known reference data; and 

applying the trauisf ormation to data relating to 
an image of an article produced through the optical system 
so as to remove the effects of aberrations or distortions 
of the optical system on that data. 

25 

9. The method of claim 8 wherein the data to which 
the transformation is applied is data relating to the 
image of the object so that the image of the object is 
produced free of distortions which would otherwise be 

30 introduced by the distortions or aberrations in the lens 
system. 

10 . The method of claim 8 wherein the detector 
comprises a charge coupled device. 

35 

11. The method of claim 8 wherein the data relating 
to the image is captured by directing a beam of light 
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through apparatus including a lens for focusing light 
passing through the optical system so as to obtain an 
image of an article viewed through the optical system. 

« 

5 12 . A fundus camera for producing an image of the 

fundus of a person's eye, said camera cozoprising: 

a detector for detecting at at least two 
different focal planes a beam of light passing through the 
cornea and lens of a person' s eye and reflected from the 

10 fundus of the person's eye and again passing through the 
lens and cornea of the person's eye; 

processing means for determining phase data 
relating to the wavefront of the light beam detected by 
the detector at the two different focal planes by solving 

15 the transport of intensity equation and for producing a 
transformation required to convert the phase data from 
that detected by the detector to a known reference data; 

the detector also being for detecting a beam of 
light directed through a person' s eye to obtain an image 

20 of the fundus and for producing phase data relating to 
that image; and 

the processing means being for processing the 
phase data relating to the ixdage in accordance with the 
transformation to transform the data relating to the image 

25 to compensate for aberrations and distortions introduced 
by the cornea and lens of the person's eye, and for 
producing a image of the fundus , which is therefore free 
of distortions and aberrations introduced by the cornea 
and lens of the person' s eye . 

30 

13. The camera of claim 12 wherein the camera also 

includes a light source for producing the beams of light 
detecting by the detector. 

35 14. The camera of claim 12 wherein the camera further 

includes a lens for focusing the beam of light towards the 
eye so that the beam of light which produces the image is 
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reflected £rom the fundus so as to provide an Image of the 
fundus . 

* 

15 . The camera of claim 12 wherein the camera has a 
5 monitor for displaying a image of the fundus . 

16 . i^paratus for detesnnining the amount of 
distortion or aberration of a lens system, comprising: 

means for directing a beam of light through the 

10 optical system; 

detector means for detecting the beam of light at 
at least two different focal planes after the beam of 
light has passed through the optical system; and 

processing means for receiving data from the 

15 detector relating to the beam of light at the two 

different focal planes and for processing the data to 
produce phase data relating to the wavefront of the beam 
of light emanating from the optical system by solving the 
transport of intensity ec[uation and for determining the 

20 amount of eQ>erration or distortion of the lens system 
relative to reference phase data. 

17. A method for determining aberrations or 

* _ 

distortions in an optical system, comprising the steps of: 
25 shining light through the optical system; 

detecting the light at at least two different 
focal planes after the light has passed through the 

optical system; 

producing phase data relating to the wavefront of 
30 light detected by the detector at the two different focal 
planes by solving the transport of intensity equation; and 

comparing the phase data with a reference phase 
data to determine the difference and therefore the 
aberration or distortions introduced by the lens system. 

35 
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